Within the broad theory of organic chemistry, one of the morefundamental proble1ns deals with the constitution of the major reaction intermediates. The ddailed structures of carbonium ions have been the subject of many investigations in the last twenty-five years. Less vigorously studied has been the exact constitution of carbon radicals. Carbenes have come under serutiny only within the last ten years. Although carbanions occupy a central position in synthetic organic chemistry, examination of their intimate geometric character was largely reserved for the last five years. This article ü: addressed to the problern of the structure of carbanions, particularly with respect to their symmetry properties.
The equations in Figure 1 illustrate the general approach to the problem. Use of the SEI reaction to study carbanions involves three constitutional and one environmental feature. The leaving group (L), the electrophile (E), the suhstituents (a, b and c) and medium are all subject to wide variation. Of the leaving groups for formation of carbanions, those which involve breaking bonds from carbon to hydrogen (deuterium), to carbon, to nitrogen and to oxygen have been employed in the present investigation. Others have studied carbanions formed by the breaking of carbon-metal bondsl.
A large number of electrophiles are available for the consumption of carbanions. Of these only the proton-donating hydroxyl and ammonium groups have been used in these studies. Proton transfers are among the fastest of all reactions, and in many cases are close to diffusion controlled. Probably many ofthe observations made with proton donors as electrophiles could not be made with the other electrophiles.
Substituents attached to carbanions play a very important role in determining the properties of the intermediates (Figure 2 ). Alkyl and hydrogen groups provide little or no stabilization of charge. Carbonyl-containing groups, and functions such as cyano, nitro and vinyl groups all provide for extensive delocalization of charge into their 7T-electron systems. The carbanions are thereby stabilized. These anions are ambident, since they react with proton donors at more than one site to give tautomers.
Garbanions not stabilized: Aryl groups also stabilize carbanions through 7T-electron delocalization. Such anions are non-ambident, since they usually react only at a single site.
STRUCTURE OF CARBANIONS
Still a.nother dass of carbanion-stabilizing substituent contains elements of the second row ofthe periodic table. Elements such as sulphur, phosphorus, and the halogens (except fluorine) contain d-orbitals which are capable of delocalizing and stabilizing negative charge. Examples of such groups are formulated in Figure 3 . Of the types of substituents listed, we report here on those which produce ambident anions, aryl carbanions, and those anions stabilized by d-orbitalcontaining elements.
The four kinds of solvent systems employed are listed in Figure 5 . Solvation phenomena play an important role in carbanion stabilization. As expected, carbanion structure is seriously effected by the medium.
Dissociating and proton-donating solvents:
Non-dissociating and proton-donating solvents:
Dissociating and non-proton donating solvents: Certain preconceptions about carbanion structure were current at the outset of our work ( Figure 6 ). Garbanions with localized charge should be tetrahedral and rapidly inverting. Anions whose charge is extensively delocalized should be planar. Perhaps the most direct way to probe carbanion structure is through examination of the stereochemistry of the Ssl reaction. The simplest example is the base-catalysed hydrogen-deuterium exchange reaction at carbon. The steric course of the exchange can be examined purely with kinetic methods as is indicated in Figure 7 . Since much of the work reported here deals with the stereochemistry of the hase-catalysed hydrogen isotopic exchange reaction at carbon, the detailed mechanism of this reaction was examined. From kinetic isotope effect studies 2 , it was concluded that k_a > ka. (see kinetic scheme, Figure 8) if the pKa of B-H is many units lower than pKa of C-H. 
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Two systems were devised to detect if indeed k-a > kb. In the first of these, 3-phenyl-1-butene was isomerized to the conjugated cis-2-phenyl-2-butene with base. With suitable deuterium labels in the alkene and solvent, the intramolecularity of the reaction was studied3, and Table 1 gives the results.
These data demoostrate the partially intrarnolecular character ofthe basecatalysed allylic rearrangement. The siruplest mechanism consistent with 159 D. ]. CRAM the facts involves a bridged "hydrogen bonded" carbanion as intermediate ( Figure 9 ) 3 • This mechanism is consistent with k-a being greater or of comparable value to kb in the simple kinetic scheme described earlier.
Two other mechanistic schemes, summarized in Figure 10 , are entirely inconsistent with the facts of Table 1 . Table I . Allylic carbanion provides partially intramolecular proton transfer In a second test of a carbanion's ability to recapture its proton, the stereochemistry of the base-catalysed deuterium-hydrogen exchange of a fluorene systemwas studied (pKa f""oo.l 23) 4 • Table 2 records the results.
The data indicate that in a non-dissociating solvent (tetrahydrofuran) deuterium-hydrogen exchange occurs with high retention. Clearly the ammonium ion of the ammonium carbanide ion-pair (formed as intermediate) rotates and collapses to give a product faster than the ion-pair dissociates. In terms of the mechanistic scheme formulated in Figure 11 , ke and kc ~ kd. The geometry of the ion-pairs formed are undoubtedly rnaintained through "hydrogen bonds" to a planar carbanion. In dimethyl sulphoxide as solvent, kefk« = 1, or racemization was the steric result. In this good dissociating solvent ion-pair dissociation is faster than rotation and collapse of the ion-pair. In such a medium, the planar carbanion was probably Ionger lived, passed into a symmetric solvent shell and, therefore, gave only the racemic product (Figure 12 ).
In methanol with tri-n-propylamine as solvent, kefk« = 0·6, or high net inversion of configuration was found. This solvent is acidic enough to " hydrogen bond " at the " rear " of the carbanion, and the base does not possess proton donors (Figure 13) . Collapse of the ion-pair formed gives back the starting material by the process described by kc. Many years ago, Wilson and Ingold found that kefk« was equal to unity in the base-catalysed exchange and racemization of 2-methyl-1-phenyl-1-butanonell in deuterium oxide-dioxane mixtures (Figure 14) . A similar result was observed in our work with an optically active nitrile, an amide and an ester in a variety of solvents6. These results point to carbanions which are planar, and which live long enough to pass into symmetric solvent envelopes. Negative charge is probably more distributed on the more
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Product .of inverted configuration Low orders of stereospecificity were observed when cyano carbanions were formed by a decarboxylation reaction (carbon dioxide as leaving group). The data in Table 3 indicate that in non-dissociating solvents, the ammonium salt of an oc-cyanoacetic acid decarboxylates to give low net retention. In dimethyl sulphoxide, a dissociating and non-proton donating solvent, the result is racemization. In ethylene glycol, which is both proton donating, and dissociating, net inversion is observed irrespective of cation character7. (Figure 15 ). In non-dissociating solvents, the ion-pair decarboxylates to give an ammonium carbanide ion-pair, held together partially by" hydrogen bonds ". A small amount oftetrahedral character is probably induced in this carbanion by specific solvation at the front. Collapse of this species competes with dissociation, and net retention is observed. In dimethyl sulphoxide, dissociated anion decarboxylates, the anion becomes symmetrically solvated by non-proton donating solvent molecules, and ultimate reaction with proton donors gives racemic material. In ethylene glycol, again carbon dioxide leaves from a dissociated anion, but the solvent pa1~ticipates from the side remote from the leaving group. A planar carbanion results, which is hydrogen bonded at the back, and coordinated at the fron·~ with the leaving group, which momentarily blocks attack at the front by solvent. Inversion of configuration results. Systeras capable of generating the 2-phenyl-2-butyl anion were selected for study of the effect of aryl on carbanion structure. This anion is not arnbident since it captures protons exclusively at the benzyl position. Four different leaving groups were used to generate this anion (Figure 16 ). Similar stereochemical results were observed when hydrogen, carbon, nitrogen or oxygen bonds were cleaved. In general, the stereochemical fate of the 2-phenyl-2-butyl anion is independent of the leaving group. With deuterium as leaving group, kefkrx can be varied from 10 (retention) to I (ra.:;emization) to 0·7 (inversion), depending on the solvent (Table 4)8. The earbanion structures envisaged for each of these three stereochernical results are formulated in Figure 17 . In non-dissociating solvents, a solvated ion-pair is formed which induces su_bstitution with retention. In dimethyl Stt.lphoxide, a poor proton-donating solvent, the carbanion lasts long enoui"h to pass into a symmetrical !Olvent environment. In ethylene glycol, a good dissociating and proton-donating medium, the solvent participates 1n carbanion formation from the back side, and net inversion is observedo Same steri c resu l t s from each starting material A~ with hydrogen, nitrogenas leaving group can give either retention or inversion, depend.ing on solvent (see Table 5 ). Generation ofa proton donor STRUCTURE OF CARBAN[ONS at the front of the carbanion predisposes the system towards retention, as is shown by the fact that dimethyl sulphoxide as solvent gives retention of configuration. Carbon as leaving group gives results completely analogous to those obtained with hydrogen as leaving group. The data are summarized in Tc.:ble 6. That potassium ion is responsible for the high retention observed in t-butyl alcohol is shown by the fact that substitution of quaternary ammonium for potassium ion reduces the stereochemical result from 95 per cent net retention to 100 per cent racemization. Clearly, the coordinating ability of the potassium ion is a necessary feature of asymmetric solvation from th·~ front side. The 60 per cent net inversion observed in ethylene glycol probably involves the ability of the leaving group to act as a shield at the front while proton-donating solvent attacks the incipient carbon on the side remote from the leaving grouplO. Analogies to carbonium ion mechanisms are visible in these results. (Figure 19 ). Three of them were subjected to basecatalysed deuterium-hydrogen exchange, and one to decarboxylation experimen ts.
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CsH5 C5H13-n In In contrast to the sulphonyl carbanion, the :mlphinyl carbanion appears tobe symmetric. Only asymmetric solvation effects are in evidence from the data of Tablc ßi2, The diphenylphosphinoxy carbanion resembles the sulphinyl carbanion, and only asyrnmetric solvation effects arevisible in the results13 ( Table 9) . The conclusions about the symmetry properties of the d-orbital containing systems are summarized in Figure 21 .
Behaves as if it were asymmetric, with asymmetric solvation effects superimposed Behaves as if it were symmetric at carbon, wit.h asymmetric solvation effects superimposed Behaves as ifit were symmetric, with asymmetric solvation effects superimposed The question arises as to why the sulphonyl carbanion should be intrinsically asymmetric, and the other two symmetric. A number of possible explanations are available, but have not yet been experimentally differentiated.
These conclusions indicate that carbanion structure is subject to considerable variation. Solvent and substituent effects on geometry are the most prominent, but the nature ofthe cation and leaving group play an important röle in some systems.
Dramatic solvent effects were encountered in these studies. For example, the ra tes of acid-base reactions were found to vary by as much as nine powersoften by simply changing solvent6 ( Table 10) . 
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This effect is interpreted as reflecting the importance of "hydrogen bonding" and "ion pairing" an anion activity (Figure 22) . In dimethyl sulphoxide, the potassium alkoxide ion-pair is dissociated, and the alkoxide anion js not " hydrogen bonded ". The resulting anion is highly reactive. Wc>lff-K ishner reduc t ion Six reactions are listed in Figure 23 , the rates of which are enhanced by about six powers of ten by substitution of dimethyl sulphoxide for hydroxylic or non-dissociating solvents.
The importance of carbanions as intermediates is self evident. Less obvious is the fact that the complete constitution of charged species must include an intimate description of the solvation shell. Without such details, interpretations pertaining to their ease of formation, symmetry properties, and reactivities are superficial.
